Background: As lip augmentation becomes more popular, validated measures of lip fullness for quantification of outcomes are needed. Objective: Develop a scale for rating lip fullness and establish its reliability and sensitivity for assessing clinically meaningful differences. Methods: The initial Allergan Lip Fullness Scale (iLFS; a four-point photographic scale with verbal descriptions) was validated by eight physicians rating 55 live subjects during two rounds, conducted on one day. In addition, subjects performed self-evaluations. The revised Allergan Lip Fullness Scale (LFS), a five-point scale with a broader range of lip presentations, was validated by 21 clinicians in two online image rating sessions, ≥14 days apart, in which they used the LFS to rate overall, upper, and lower lip fullness of 144 3-dimensional (3D) images. Physician inter-and intra-rater agreement, subject intra-rater agreement (iLFS), and subject-physician agreement (iLFS) were evaluated. Additionally, during online rating session 1, raters ranked 38 pairs of 3D images, taken before and after lip augmentation, as "clinically different" or "not clinically different." The median LFS score difference for clinically different pairs was calculated to determine the clinically meaningful difference. Results: Clinician inter-and intra-rater agreement for the iLFS and LFS was substantial to almost perfect. Subject self-assessments (iLFS) had substantial intra-rater reliability and a high level of agreement with physician assessments. Median LFS score differences for overall, upper, and lower lip fullness were 1 (mean: 0.63-0.69) for "clinically different" and 0 (mean: 0.28-0.36) for "not clinically different" image pairs; thus, clinical significance of a 1-point difference in LFS score was established. Conclusions: The LFS is a reliable instrument for physician classification of lip fullness. A 1-point score difference can detect clinically meaningful differences in lip fullness.
Validated measures of lip fullness, for quantification of lip augmentation outcomes in clinical trials and clinical practice, are needed. A handful of assessment scales have been developed to aid in the objective evaluation of lip enhancement treatments. [9] [10] [11] This report describes the development and validation of the Allergan Lip Fullness Scale (LFS), a tool for evaluating the effectiveness of lip augmentation in clinical trials of hyaluronic acid gel injection for lip augmentation. 12, 13 Following validation studies, the initial version of the LFS (iLFS; a four-point photometric scale) was revised to the fivepoint LFS, in response to recommendations from the United States Food and Drug Administration (FDA). The objective of these validation studies was to establish inter-and intra-rater reliability of the scales and the appropriateness of LFS ratings for detecting changes in lip fullness that experienced physicians considered "clinically different". These investigations were registered at www.clinicaltrials.gov (ID: NCT01197495).
METHODS

Development and Validation of the Initial LFS
Photographs from 200 female volunteers who had not received lip augmentation treatment were taken with the subjects' mouths relaxed and with their lips gently closed. The images were scored by a clinically experienced, boardcertified dermatologist, according to a four-point grading system that included verbal descriptions (Figure 1) , and, based on the comments of the scoring dermatologist and technical review of photograph quality for standardized positioning, expression, skin tone evenness, and other features (W.P.W), 95 photographs were selected to represent four grades of lip fullness. These photographs were then evaluated for inclusion in the iLFS by a panel of clinically experienced physicians that included two board-certified dermatologists and one oculoplastic surgeon (Figures 2-5 ). The photographs ultimately included in the initial scale were selected based on agreement between scores from the dermatologists and from the oculoplastic surgeon, their comments, and final review by the initial dermatologist. Grades of "minimal," "mild," "moderate," and "marked" lip fullness are illustrated with three examples per grade in 12 frontal images paired with 12 lateral images.
Intra-and inter-rater reliability of the iLFS was evaluated in live subjects in two rounds of evaluations (morning and afternoon), conducted in a single day. The study enrolled subjects aged 18 years or older. All subjects signed an IRB-approved informed consent and authorization for use or release of health and research study information form and the California Experimental Subject's Bill of Rights form. Subjects were excluded if they had facial hair covering the area around the mouth; permanent lipstick; lip tattoos; lip or tongue piercings; lip tint or dye application; permanent or semipermanent lip implants; asymmetry of the lips or perioral rhytides; lip augmentation with a temporary dermal filler within 6 months prior to study entry; an infection, disorder, or scar in the lip or mouth area that would prevent adequate study assessments; or a planned dental or cosmetic procedure in the lower face between screening and the day of the iLFS evaluation. Before physician evaluation of lip fullness, subjects removed all make-up below the eyes and all jewelry from the face, ears, and neck and, if needed, wore a headband to hold their hair off their face. During screening, a physician evaluated each subject's lips and mouth area, in repose and in animation, and assigned one of four possible iLFS scores (minimal, mild, moderate, marked).
The validation panel comprised eight board-certified aesthetic dermatologists or plastic surgeons who were instructed on scale application and the validation protocol before round 1. While evaluating subjects, panel members were seated in a large circle, facing away from each other (to prevent influence from other participants). Each rater received four stacks of cards, corresponding to each of the four scores on the scale. Each card included the rater number and a simple verbal description of the score. Subjects formed a queue based on a predetermined random order and moved from rater to rater in sequence. Each rater selected a card to score each subject, applied the subject's identifier label to the card, and dropped the card into an envelope. This sequence was performed by all raters for each subject in the morning and was repeated for round 2 in the afternoon. In order to provide subject reliability ratings and evaluate concordance between physician and subject ratings, all subjects also provided self-assessments using the iLFS after rounds 1 and 2 of the panel assessments. All study investigators and subjects were blinded to the ratings assigned by the screening physician and other study investigators.
Development and Validation of the Revised LFS
The iLFS was revised to accommodate a broader spectrum of facial presentations, such as the fuller lips observed in the African American population, and to incorporate separate assessments of overall, upper, and lower lips (Figures 6-10) . Two aesthetically experienced, boardcertified dermatologists were consulted regarding revisions to the iLFS and recommended adding a lip fullness grade of "very marked" to the scale. The images that make up the LFS guide were selected from subjects who participated in the live training and validation exercise for the iLFS, whose images were collected for a different facial aesthetic scale, or who had participated in a clinical study of a temporary dermal filler for lip augmentation. 12 Two dermatologists selected subjects from photographs of African-American volunteers to represent "very marked" upper and lower lip fullness and "marked" upper and lower lip fullness. Grades The LFS was validated by a panel of 16 dermatologists and 5 plastic surgeons ( Figure 11 ). The panel rated images, rather than live subjects, in the training and validation portions of the process. To simulate live assessment, all 3-dimensional (3D) images included multiple renderings from the original 3D images and could be rotated up to 180 degrees, to allow viewing the lips from different perspectives. Image capture was performed using the VECTRA system (Canfield Scientific, Fairfield, NJ). All subjects whose photographs were included in the LFS validation signed an IRB-approved informed consent and authorization for use or release of health and research study information form and the California Experimental Subject's Bill of Rights form.
Training
All panel members attended web-based training, which provided background information and instructions for employing the LFS. During training, raters evaluated 7 image pairs (14 unique 3D digital images) showing each subject before and after lip augmentation with temporary dermal filler. Images were selected such that the time period between before-and after-augmentation images ranged from 2 weeks to 9 months. For each pair, raters assessed whether there was clinical difference (Yes/No) in overall lip fullness between images in that pair. The same assessment was done for upper and lower lip fullness, for each image pair. Raters then ranked the lip fullness (overall, upper, and lower) of each depicted subject in the same set of 14 images, viewed in a prespecified random order, with the LFS.
Testing
Following training, each rater completed two independent online image rating sessions separated by an interval of at least 14 days. Raters accessed a different set of 3D images via the Canfield Scientific website and employed a validated electronic data capture system to record their ratings.
During each session, raters ranked overall, upper, and lower lip fullness of 144 3D images with the LFS. Additionally, during session 1, raters examined 38 pairs of before-and-after images. For each pair, they assessed whether the overall, upper, and lower lip fullness were clinically different (Yes/No) between images in a pair. These 38 image pairs were obtained from 29 subjects, 9 of whom provided 2 image pairs each (18 pairs) corresponding to different time points after treatment and 20 of whom provided 1 image pair each (20 pairs). All subjects, including seven whose pretreatment images were also utilized in the training session, had previously participated in a lip augmentation study. 12 The set of 144 3D images for rating with the LFS included 76 images from these 38 pairs. 
Statistics
Inter-rater agreement (ie, agreement among raters on the assessment of overall, upper, and lower lip fullness) using the iLFS and LFS was measured by Shrout-Fleiss intra-class correlation (ICC).
14 For the LFS, ICC(2,1) (Shrout-Fleiss random) was calculated for inter-rater agreement. Intra-rater agreement (ie, agreement between sessions 1 and 2 assessments of overall, upper, and lower lip fullness) was measured by weighted kappa co-efficients using Fleiss-Cohen weights. 15 Kappa scores in the range of 0.20 to 0.39 indicate "fair" agreement, 0.40 to 0.59 indicate "moderate" agreement, 0.60 to 0.79 indicate "substantial" agreement, and 0.80 to 1.00 indicate "almost perfect" agreement. 14, 16 To determine the value of a clinically meaningful difference in overall lip fullness using the LFS, the absolute difference in LFS scores was calculated for each pair of pre-and post-augmentation images rated as "clinically different" for overall lip fullness. For example, if the score for preaugmentation image was mild and post-augmentation was marked, the absolute difference in LFS score was 2 points. Absolute differences in LFS scores were summarized (mean, median, standard deviation, range) for all physicians. A similar summary of absolute differences was provided for pairs that were not deemed clinically different. Upon examination of these summaries, the clinically meaningful difference for overall lip fullness on the LFS was established. Similar analyses were performed separately for upper and lower lip fullness.
Sample Size Consideration
Power calculations for the iLFS validation study in live subjects estimated that at least 40 subjects would be required to complete the study in order to provide adequate power to demonstrate intra-and inter-rater reliability of the iLFS (lower boundary set at 0.70). Allowing a drop-out rate of 5% after screening, up to 100 subjects were to be enrolled and screened until at least 48 subjects (12 subjects for each of the four grades) were selected and had confirmed their availability to attend the scale evaluations. In the iLFS validation study, the average intra-rater agreement was observed to be 0.80; thus, a sample size of 144 images with two observations per image (corresponding to two rounds) would have provided >99% power to demonstrate that intra-rater agreement (weighted kappa) is significantly greater than 0.60 (ie, substantial agreement) using an F-test at a 0.05 level. The interrater agreement was observed to be 0.79; thus, a sample size of 144 images with 21 observations per image (corresponding to 21 raters) would have provided >99% power to demonstrate that inter-rater agreement (ICC) is significantly greater than 0.60 (ie, substantial agreement) using an F-test at a 0.05 level. Power calculations were performed using PASS software (2008, Version 8.0.13, NCSS, LLC, Kaysville, Utah).
RESULTS
iLFS Validation
Based on iLFS evaluations of 55 live subjects, physician intra-rater agreement between scores from the morning and afternoon rating rounds was "substantial" according to prespecified criteria, with a mean weighted kappa value of 0.799 (standard deviation [SD]: 0.044; 95% confidence 
LFS Validation
Twenty-one raters completed web-based training and one testing session; 20 completed two sessions, and these raters comprised the analysis dataset. Demographic characteristics of the subjects in the 144 images that were part of the LFS validation study are summarized in Table 1 .
Inter-rater agreement was ≥0.69 (substantial agreement) for all lip regions and intra-rater agreement between sessions 1 and 2 was almost perfect ( Table 2 ). The median differences in LFS ratings for overall, upper, and lower lip fullness assessments were 1, 1, and 1, respectively, for subject pairs identified as "clinically different" and 0, 0, and 0, respectively, for subject pairs identified as "not clinically different" ( Table 3 ). The mean LFS rating differences for overall, upper, and lower lip fullness ranged from 0.63 to 0.69 for "clinically different" pairs and from 0.28 to 0.36 for "not clinically different" pairs. Therefore, it can be interpreted that, for images deemed clinically different, the majority had an approximate 1-point difference in LFS score, and the remainder were scored identically. This may have resulted from raters identifying a marginally meaningful difference between the image pairs but not identifying enough gradation on the scale to provide different LFS grades. Based on these observations, a 1-point change in overall, upper or lower lip fullness on the LFS can be established as a clinically meaningful difference.
DISCUSSION
These validation studies demonstrated substantial to almost perfect inter-and intra-rater agreement for the iLFS and LFS, suggesting that multiple lip fullness assessments for the same subject or patient over time and across different raters should be reliable. Subject selfassessments using the iLFS also had substantial intrarater reliability and a high level of agreement with physician assessments. A 1-point change in the LFS was shown to reflect "clinically different" degrees in lip fullness, indicating that the LFS has adequate sensitivity for measuring physician-assessed, clinically meaningful differences in lip fullness.
The clinically meaningful difference in LFS scores was defined as observable differences in scale grades from the perspective of an experienced physician. This definition is somewhat subjective in nature. Although objective measurements, such as 3D imaging by VECTRA, could have been used, we believe that a graded photographic scale is easier to use and more cost-effective than 3D measurements. A recent clinical study of lip augmentation demonstrated that lip volume measured by 3D imaging correlated well with iLFS scores. The iLFS was originally developed to assess lip fullness for the primary clinical study population indicated for lip augmentation treatment, which was expected to be female Caucasians. Therefore, the initial scale validation population included only female Caucasians. The grade of "very marked" and an example photograph of an African-American female were added to the LFS at the FDA's request. The LFS scale validation study further included images of Asian and Hispanic subjects, indicating that assessing lip fullness of individuals of different races and ethnicities with the LFS is not likely to be a challenge. A clinical study of lip augmentation in males and subjects of various ethnicities is currently ongoing (www.clinicaltrials.gov ID: NCT01197495).
Before development of the LFS, there was a paucity of objective instruments for rating lip fullness. One such pre-LFS scale is the Lip Fullness Grading Scale, which is a five-point scale developed by digitally morphing different lip images onto a single subject's image. 9 This scale did not include African-American lip examples. Another scale, the Overall Lip Index, measures lip protrusion and height with a special ruler and may be useful in clinical practice, to follow treatment outcomes. 17 However, the need to perform calculations and the need for a special ruler could prove cumbersome in some situations. Unlike the development process for these other two scales, validation of the iLFS also incorporated subject assessments, which are valuable, given the importance of patient-reported outcomes in aesthetic medicine.
Two other scales have been published since the development of the LFS. The Medicis Lip Fullness Scale consists of separate five-point scales for the upper and lower lips, with three photographs for each grade. 11 This scale was validated in both live subjects and photographs and was shown to have inter-and intra-rater consistency comparable to the LFS. Another lip fullness scale has a nine-level grading system (grades 1-5, with half points) with separate scales for the upper and lower lips. 10 It was shown to have good inter-and intra-rater consistency and correlated well with clinical evaluation and 3D measurements. Neither of these scales included examples of African-American individuals, making the LFS the only currently published scale that includes a rating grade for the marked and very marked lip fullness seen among African Americans.
Study Limitations
The clinical significance of LFS scores was solely determined by clinicians and not by subjects. Although a 1-point change on the LFS is meaningful for a physician, it may or may not be meaningful for the subject. For some subjects, even a less than 1-point change may be meaningful if they are looking for a subtle change, whereas some subjects may desire drastic changes and perceive those as meaningful. Hence, the LFS is not recommended for patient Figure 11 . Rater training and testing of the Allergan Lip Fullness Scale (LFS). self-assessment of meaningful improvement in lip fullness, because patients will neither be trained on the scale nor have consistent agreement on meaningful results. Patient satisfaction with treatment outcomes may be assessed using existing questionnaires or scales for subject satisfaction with aesthetic outcomes. 12 The verbal descriptions for each grade on the LFS are inherently subjective in nature. However, the scale is comprised of the description for each grade along with two examples of subject photographs that depict the grade, removing some of the subjectivity inherent in the descriptions, as illustrated by the substantial inter-rater agreement in the validation study.
In the study validating the first-generation iLFS, intrarater reliability ratings were based on two rounds of evaluations of live subjects occurring on the same day. Because of FDA concerns that a greater interval between rating sessions might affect intra-rater reliability, LFS validation sessions were separated by an interval of at least 14 days. Training and testing for LFS validation studies used 3D photographic images rather than live subjects. However, a clinical trial is currently ongoing to determine the agreement between live assessment of subjects on the LFS and corresponding assessment based on subject images (www.clinicaltrials.gov ID: NCT01197495).
Finally, information regarding the gender and ethnicity of the subjects appearing in the LFS is not available. At the time the LFS validation study was done, the approved protocol did not stipulate collection of demographic information for subjects, because fullness of the subject's lips, and not gender or ethnicity, was the primary consideration, in terms of the utility of the scale.
CONCLUSIONS
Intra-and inter-rater agreement for the iLFS and LFS was substantial to almost perfect among physicians. During the iLFS validation process, substantial reproducibility and reliability for physician classification and subject selfevaluation of lip fullness were demonstrated in live subjects, thus making it a suitable measure of effectiveness in clinical studies. The LFS is also the only currently published scale that includes rating grades for the lip fullness of African Americans. The clinical significance of a 1-point difference in LFS score was established by experienced clinicians. The LFS may be a helpful tool for discussing lip treatments, setting lip treatment goals, and providing chart documentation in clinical practice settings. 
